absolute concentration values determined by scanning electron microscopy (SEM) were systematically lower than the concentrations determined by parallel online measurements. 
S1.3 SEM analysis
Scanning electron microscopy (SEM) images of aerosol particles were acquired using the secondary electron in-lens detector of a high-performance field emission instrument (LEO 1530 FESEM, EHT 10 keV, WD 9 mm). The in-lens detector enabled detection of thin organic particles and coatings which are usually not detectable with other detectors. The elemental composition of inorganic components was characterized using the Oxford Instruments ultra-thin-window energy-dispersive X-ray (EDX) detector, and the organic nature of SOA droplets and mixed SOA-inorganic particles was confirmed by NanoSIMS analysis as detailed below.
The filter samples were scanned using a semi-automated spot counting technique (5, 6 ) at a magnification of 6500 × (pixel size 88.9 nm) for coarse and 19500 × (pixel size 29.6 nm) for fine particle filters. Particles located on the predefined equidistant spots of the counting grid were automatically counted, and the recorded data were used to classify the particles according to size, composition, and mixing state. With spot counting, the probability for particles of a certain size and type to be counted is directly proportional to the 2-D surface area of the particles and the fraction of the filter surface covered by such particles. This relationship is used to upscale the counting results from the investigated filter area to the total filter area. More than 6400 points (>0.6% of the total filter area) on coarse particle filters and more than 2500 points (>0.07% of the total filter area) on fine particle filters were investigated, leading to an average particle count of 100 coarse and 275 fine mode particles per air sample (filter pair). The 2-D surface area of a particle was measured by counting the number of pixels the particle occupied in the secondary electron image and used to calculate the 2-D equivalent diameter (diameter of a circle with the same surface area). For particles coated with organic material, the 2-D surface area and equivalent diameters were determined for the particle with and without coating. For fine particles this was done with separately acquired high resolution images (pixel size 0.6 nm to 15 nm).
In order to calculate the 3-D equivalent diameter (diameter of a spherical particle with the same volume), the shape and height of the deposited particles needs to be known or estimated in addition to the 2D equivalent diameter. The shape and height of deposited SOA droplets were measured by atomic force microscopy (AFM) as detailed below. The shape was approximately that of a spherical segment, and the height was on average 1/4 of the diameter of the circular footprint, corresponding to a contact angle of 52.5° between the filter and the droplet. This contact angle and spherical geometry were also assumed in the calculation of the volume of organic material in mixed SOA-inorganic particles and the volume of organic coatings. For solid particles with diameters <100 nm (pyrogenic carbon) as well as larger solid particles with near-circular footprints (PBA), the 3-D equivalent diameter was assumed to equal the 2-D equivalent diameter. For non-spherical solid particles >100 nm the volume and 3-D equivalent diameter were calculated assuming an average height of 2/3 of the 2-D equivalent diameter, to account for the fact that solid particles usually land and rest on their flat side when deposited on a filter. The scaling factor of 2/3 was obtained by analyzing the height of a subset of characteristic particles (SEM working distance at high resolution). The 3-D equivalent diameters were used for size distribution plots and further analyses. Particle masses were calculated assuming an approximate average density of 1.5 g cm -3 for all particle types. The SEM concentration data reported in the figures and tables of this manuscript were averaged over the three pairs of filter samples specified above. The estimated relative uncertainties are <10% for the relative proportions of different particle types and <50% for absolute particle number and mass concentrations.
S1.4 AFM analysis
The shape and height of SOA droplets deposited on the filters were determined by atomic force microscopy (AFM, C/P-Research, ThermoMicroscopes/Veeco Instruments, USA). The AFM instrument was operated in non-contact mode using reflective tapping mode etched silicon probes (RTESPA, Model MPP 11120) at frequencies close to 400 kHz (7).
Lateral and vertical drifts were <5%.
S1.5 NanoSIMS analysis
The composition and mixing state of SOA droplets and mixed SOA-inorganic particles were investigated with a Cameca NanoSIMS 50 ion microprobe in multi-collection participation of sulfuric acid in new particle formation, because the minute amounts of sulfuric acid that might suffice for nucleation (a few tens of molecules per particle) would not be distinguishable from the filter background signal which determined the effective limit of detection (equivalent to particle mass fractions <1%) (5, 8) .
S1.6 UV-APS measurements
An ultraviolet aerodynamic particle sizer (UV-APS; TSI Inc. Model 3314) was used for online measurements of fluorescent biological aerosol (FBA) particles, which can be regarded as a lower-limit proxy for primary biological aerosol (PBA) particles (4, 9) .
Instrumental details and data processing techniques have been described elsewhere (4, 10, 11) . In short, the instrument performs aerodynamic particle sizing in the diameter range of 0.5 -20.0 μm by measuring the time-of-flight between two He-Ne lasers. At diameters below 1 µm, the particle counting efficiency of the UV-APS drops below unity, and the potential for interference of fluorescence signals from non-biological particles increases (4). Thus, UV-APS data for particle diameters <1 μm were not used in this study. The instrument was operated in standard flow mode with a total volumetric flow rate of 5 L min -1 , and measurements were initiated every 5 minutes and integrated over a period of 299 s. Here we report average values for the period during which the three pairs of filter samples for SEM analysis were collected as specified above. Out of the 114 hours of filter collection time, 107
hours (94%) were covered by UV-APS measurements (1284 size distributions). Particle mass concentrations were calculated assuming an average density of 1.5 g cm -3 for all particle types. The estimated relative uncertainties of the UV-APS measurement data are <30%.
S1.7 DMPS and CCN measurements
Online measurements of aerosol particle size distributions and efficiency spectra of cloud condensation nuclei (CCN) were performed with a differential mobility particle sizer . Instrumental details and data processing techniques have been described elsewhere (3, 12) . In short, the instrumental setup enables the measurement of aerosol particle size distributions (particle number vs. mobility equivalent diameter) and of CCN efficiency 
S1.8 IN Measurements
Ice nuclei (IN) were measured using a continuous flow diffusion chamber (CFDC), which enables observation of freezing at controlled temperatures and humidities (9) . An inertial impactor immediately downstream of the CFDC captured the ice particles formed in the chamber on transmission electron microscopy (TEM) grids. The residual nuclei were investigated by TEM with energy-dispersive X-ray spectroscopy (TEM-EDX) (13) . The TEM results for ice nuclei were consistent with the SEM data for the total aerosol, with biogenic particles dominating the ice nuclei population during the period investigated in this study (collection time of filter samples for SEM analysis).
S1.9 AMS measurements
Online measurements of size-resolved chemical composition of non-refractory submicron aerosol particles were performed with two high-resolution time-of-flight aerosol mass spectrometers (HR-ToF-AMS, Aerodyne Research, referred as AMS for brevity) (2).
Here we use the data acquired with both instruments during the collection time of filter samples for SEM analysis. For comparability with the DMPS and CCN data, the vacuum aerodynamic diameters measured with the AMS were converted into approximate mobility equivalent diameters as described by Gunthe et al. (3) . The two AMS instruments were equipped with different aerodynamic inlets: one had better transmission for small particles (Harvard instrument: standard lens system) (14), the other was optimized for large particles (MPIC instrument: high pressure lens system -version 2, Aerodyne Research). Thus, we merged the two data sets to obtain maximum particle transmission and present a composite consisting of data from the Harvard instrument at D ≤ 215 nm and from the MPIC instrument at D > 215 nm (Fig. 2) . The relative deviations between the two instruments were <10% in the overlap region where both inlet systems achieve high particle transmission (~100%, 150-350 nm). The estimated overall uncertainties of the presented AMS data are <30%.
S2 Supporting Text

S2.1 Sources, transport and coating of particles
Due to coagulation and sedimentation, respectively, the atmospheric residence times of Aitken mode and coarse mode particles are generally shorter than those of accumulation mode particles, and the latter are more likely to undergo long-range transport (15) . Therefore, Aitken and coarse mode are usually dominated by regional sources, whereas the accumulation mode is likely to contain particles from distant sources. Information about the mixing state and coating of particles can be used to gain further insight into atmospheric transport and aging processes.
Most mineral dust particles did not exhibit an organic coating (90-95% uncoated,
Tabs. S1 and S2). Apparently these particles had undergone long-range transport from
African deserts and spent little time in the lower troposphere over the rainforest where rapid coating would be expected due to intense photochemical activity and production of secondary organic aerosol (SOA) (1, 2, (16) (17) (18) (19) .
In contrast, inorganic salt particles containing sulfates and/or chlorides were practically always coated or mixed with organic material (SOA-inorganic particles, >99% coated, Tabs. S1 and S2), with the organic fraction being mostly larger than the inorganic fraction. Apparently these particles originated from regional or marine sources and were advected through the lower troposphere, where they formed together with SOA (secondary sulfates) (1) or were coated with SOA (potassium and sodium chloride from primary biological emissions or sea spray, respectively) (1, 20) . In the submicron range ~70% of the mixed SOA-inorganic particles contained sulfate but no chloride, ~15% contained sulfate and chloride, and ~15% contained chloride but no sulfate. In the supermicron range practically all mixed SOA-inorganic contained both sulfate and chloride.
The balance between coated and uncoated PBA particles (~40-70% coated; Tables S1, S2) can be explained by the relatively short atmospheric residence time of these mostly coarse supermicron particles, which are preferentially emitted at night, when the photochemical production of SOA is low, and which undergo rapid dry or wet deposition (sedimentation or activation and precipitation as giant CCN or IN) (4, (20) (21) (22) .
In contrast to PBA particles, pyrogenic carbon particles were present mostly in the submicron size range. Nevertheless, they exhibited a similar balance between coated and uncoated particles (~50-70% coated; Tables S1, S2 ). Similar to uncoated mineral dust, the uncoated pyrogenic carbon particles had most likely undergone long-range transport from
African biomass burning sources and spent little time in the lower troposphere over the rainforest (1) . The coated pyrogenic carbon particles may have originated from regional sources and acquired an SOA coating during advection over the rainforest as outlined above for salt particles. Alternatively, their coating could also originate from their source in Africa or in the Amazon Basin (primary or secondary organic matter from biomass burning) (1).
In principle, the coating of mineral dust, PBA, and pyrogenic carbon particles could also be influenced by their surface properties, i.e., by different nucleation barriers for the condensation of an organic phase. In practice, however, it seems unlikely that SOA material with a vapor pressure sufficiently low to condense in pure SOA particles in the nucleation and Aitken mode size range (formation and growth of pure SOA droplets) would not condense on the surface of solid particles in the accumulation and supermicron size range. Laboratory studies with a surrogate compound for SOA found no preferential condensation on different types of substrates (23).
S2.2 CCN activation and cloud droplet formation
According to model calculations, the activation of cloud condensation nuclei (CCN) in convective clouds can proceed in three distinctly different regimes depending on the ratio between updraft velocity, w, and aerosol particle number concentration, N (24):
1) An aerosol-limited regime that is characterized by high w/N ratios, high maximum values of water vapor supersaturation (S max ), and high activated fractions of aerosol particles (N CD /N; N CD is the number concentration of cloud droplets). In this regime N CD is almost directly proportional to N and nearly independent of w.
2) An updraft-limited regime that is characterized by low values of w/N, S max and
N CD /N. In this regime N CD is almost directly proportional to w and nearly independent of N.
3) An aerosol-and updraft-sensitive regime (transitional regime), which is characterized by intermediate parameter values and where N CD depends non-linearly on both
N and w.
In polluted regions with high aerosol concentrations, the activation of CCN typically occurs in the updraft-limited or transitional regime (24) . Under these conditions the number of cloud droplets depends strongly on the updraft velocity at the cloud base. This is also the case when parts of the Amazon Basin are strongly influenced by biomass burning during the dry season (25) .
To explore the regime of CCN activation and cloud droplet formation in pristine
Amazonian rainforest air, we have performed numerical simulations using a cloud parcel model with detailed spectral microphysics (24) and the average hygroscopicity parameter and aerosol size distribution determined in AMAZE-08 (pristine focus period) (3): κ = 0.14, two Compared to the observed variability of particle number and size, the observed variability of particle hygroscopicity appears to play a relatively minor role (3, 12, 24) .
The model results are consistent with observations of deep convective clouds formed under clean conditions over the "Green Ocean" of the Amazon Basin (25, 31) . If the aerosol concentration is increased to the level of polluted continental regions (>10 3 cm -3 ), the CCN activation process moves into the aerosol-and updraft-sensitive regime, the updraft velocity becomes important, and the number of cloud droplets increases, which can lead to changes in cloud evolution and precipitation (25, 32) . Table S3 . Number and mass size distribution data (dN/dlogD, dM/dlogD) as observed by scanning electron microscopy (SEM) and plotted against particle diameter (D) in Fig. 2 . Table S4 . Number and mass size distribution data (dN/dlogD, dM/dlogD) as observed by ultraviolet aerodynamic particle sizing (UV-APS) and plotted against particle diameter (D) in Fig. 2 . 
